Cooperation between different species is intrinsically unstable. Rather, the mutualism is evolutionarily stable, because the partners cooperate to stabilize this joint through a fair resource partitioning mechanisms or beyond, which let AM coevolves from past to the future. Here, we give a comprehensive view about the molecular process of AM formation and the stabilizing mechanisms of this system.
INTRODUCTION
The symbiosis between plants and arbuscular mycorrhizal (AM) fungi is arguably the world"s most prevalent mutualism. Through two-way transfer of resources, the partners overcome all kinds of biotic (pathogens and herbivores) and abiotic (e.g., drought) stresses. Roots of over 90% terrestrial plant species can associate in nature with soil fungi, the majority of which belong to AM fungi, establishing endosymbiotic relationships (Graham, 2008) ; that AM fungi can form such a close relationship with plants results from coevolving about 475 million years (Smith and Read, 2008) . AM symbiosis not only exists in most of angiosperm (Wang and Qiu, 2006) , in lycopodium genera and moss this phenomenon can also be observed (Ligrone et al., 2007) . *Corresponding author. E-mail: 0431sfq@163.com. Tel: +86 045186609306. By bidirectional transfer of nutrients, AM symbiotic system realize it"s mutually beneficial: carbohydrates produced by plants through photosynthesis are split in peri-arbuscular space to hexose, which are then transported to fungal cytoplasm by a monosaccharide transporter, GpMST1, located on the fungi cell membrane. As a proton cotransporter, GpMST1 has the highest affinity for glucose, then mannose, galactose and fructose. In fungal cytoplasm, the hexose can be synthesized to glycogen or fatty acids, by which form the hyphae provide carbon (C) source for fungi (Parniske, 2008; Schüssler et al., 2006) . Reciprocally, AM fungi supply their hosts with available minerals absorbed from the environment (especially phosphorus; P) using its powerful external mycelium system (Graham, 1986) . Except via direct pathway (DP) that is directly through the root epidermis and root hairs, for nutrient (e. g., P and nitrogen, N) absorption, for AM roots, mycorrhizal pathway (MP) is operational regardless of plant growth responses (positive or negative) .
Interestingly, AM colonization can result in a reduction of direct phosphate uptake capacity in the plant which is (over)compensated by fungal phosphate delivery (Smith et al., 2003; Smith et al., 2004) . Maybe by this way AM fungi let the plants rely more on the serves they offer. However, AM fungi have access to inorganic or organic forms of N and translocate them via arginine from the extra-to the intraradical mycelium, where the N is transferred to the plant without any carbon skeleton broken. An ammonium transporter (AMT) gene, LjAMT2;2, exclusively expressed in the mycorrhizal roots, but not in the nodules (specific root-derived organs formed between plants and N-fixing bacteria), and transcripts have preferentially been located in the arbusculated cells. LjAMT2;2 has been shown to be the highest up-regulated gene in a transcriptomic analysis of Lotus japonicus roots upon colonization with Gigaspora margarita (Guether et al., 2009 ). Belonging to the AMT2 subfamily, this highaffinity AMT can transfer N to host plants. The enhanced absorption ability for minerals endowed by AM fungi improves the nutrient status of plants (Song et al., 2008) , and thereby reinforces the resistance of host plants to environment stress, such as improved saline-alkali resistance and ameliorative heavy metal ions tolerance. In addition, by ways of competitive interact with pathogenic fungi, create anatomical or architectural changes in the root system, alter microbial community of the rhizosphere, and activate plant defense mechanisms and so on, AM fungi protect plants from pathogen (Wehner et al., 2010) .
Some properties of AM fungi and the signal transduction pathway during AM development have been the research hot focus in AM field. Furthermore, the stabilization mechanisms for the long symbiosis have gradually been proposed. Concentrating on recent research fruits, this review presents the invasive molecular procedure and the plant-fungal marketplace mechanisms underpinning the symbiotic stability.
AM FUNGI
AM fungi are coenocytic, that is their hyphae have a continuous cytoplasm (without cross walls) in which thousands of nuclei coexist, forming a syncytium. These "nuclear populations" encode surprisingly diverse genomes and several lines of evidence indicate that the nuclei themselves are diverse, that is AM fungi are heterokaryotic (Hijri and Sanders, 2005; Kuhn et al., 2001) , with different genetic nuclei. This multiple heterokaryotic feature makes AM fungi not amenable for traditional genetic approaches (Hijri and Sanders, 2004) . Different from sexual reproduction that entails considerable costs arising from the energy invested in the search for mating partners and in courtship behavior (Sanders and Croll, 2010) , AM fungi are asexual and reshuffle their genome by anastomosis (Giovannetti et al., Song and Kong 871 1999) . Hyphal fusions between AM fungi can lead to the exchange of cytoplasm and organelles, include nuclei. Anastomosis between genetically similar hyphae can potentially counteract the loss of nuclear variants, whereas anastomosis between genetically different hyphae generates new genetic diversity (Ercolin and Reinhardt, 2011) . This approach is similar to the chromosomal rearrangement in sexual reproduction. Their haploid along with their high genetic variation and multiple heterokaryotic features maybe of necessary for AM fungi recognize and discriminate such a large number of potential host plants.
Being obligate heterotrophs, AM fungi can only grow well in living plants and form chimeric organs called mycorrhizae--arbuscules or hyphal coils, in which the bidirectional nutrient exchange occurs. The truth of their strictly biotrophic lifestyle have not been uncovered. But the main reasons cannot escape from two aspects: nutrient utilization deficiencies and macromolecular synthesis defects. In their long-term coevolution with plants, AM fungi may have missed some enzymeencoding genes, thereby lost the saprophytic ability that many or some fungus possess, and can only utilize simple C/N sources. Previous work (Kiers et al., 2011) has shown that sucrose could only be utilized by Glomeromycetes after hydrolyze to glucose. Glomeromycetes may have lost the sucrase gene or have not had these genes at all along the way. Another tip contribute to their strictly biotrophic lifestyle may be macromolecular synthesis defects. Lipids are the major form of carbon storage in AM fungi. Trépanier et al. (2005) found that germinating spores (Glomeromycetes intraradices and Glomeromycetes rosea) and extraradical hyphae (G. intraradices) could not synthesize 16-carbon fatty acids (16:0 and 16:1) but could elongate and desaturate fatty acids already present, and the growth stimulation of germinating spores by root exudates did not stimulate fatty acid synthesis. 16-carbon fatty acids are synthesized only by the fungi in the mycorrhized roots, suggesting that the fatty acid synthase activity of AM fungi is expressed exclusively in the intraradical mycelium.
The obligate biotrophism of AM fungi limits their indepth investigation, leading to the underlying molecular signaling mechanisms of AM formation still uncompleted ravel.
THE COLONIZATION PROCESS OF AM FUNGI
The colonization of AM fungi on host plants is actually a continuous process, but can be artificially divided into three stages: (1) presymbiotic signal recognition stage; (2) invasive stage; and (3) arbuscular or hyphal coils formation stage. After AM fungi get accommodated within the cytoplasm of their hosts, some fungal hyphae can grow out of the roots to explore the soil for minerals as Figure 1 . Perception of AM fungal or rhizobia-derived signals triggers early signal transduction, which is mediated by at least seven shared components. The symbiosis receptor kinase SYMRK acts upstream of the Nod factor-and Myc factor-induced calcium signatures that occur in and around the nucleus. Perinuclear calcium spiking involves the release of Ca from a storage compartment (probably the nuclear envelope) through as-yet-unidentified calcium channels. The potassium-permeable channels CASTOR and POLLUX might compensate for the resulting charge imbalance. The nucleoporins NUP85 and NUP133 are required for calcium spiking, although their mode of involvement is currently unknown. The calcium-calmodulin-dependent protein kinase (CCaMK) forms a complex with CYCLOPS, a phosphorylation substrate, within the nucleus. Together with calmodulin, this complex might decode the symbiotic calcium signatures. Upstream of the common pathway, the Nod factor receptor kinases NFR1 and NFR5 are specifically required for Nod factor perception. It is possible that similar receptors are involved in Myc factor perception (Myc factor receptor, MFR). L. japonicus protein nomenclature is used.
well as search other compatible roots and initiate another colonizing cycle.
Presymbiotic signal recognition stage
AM spores germinate under appropriate water and temperature conditions and hyphae grow for about 2-3 weeks. Several nuclei from the spore move into the extending mycelium and some of them undergo mitosis. In the absence of a host root, growth ceases after about 2 to 4 weeks and hyphal septation from the apex occurs. The apical septation is accompanied by extensive vacuolization and retraction of the protoplasm, including most of the nuclei, towards the spore (Requena et al., 2007) . Different with other soil-borne fungi, these spores have the ability to germinate and arrest growth many times if plant-derived signals are missing. During this asymbiotic phase, the fungus is living mainly from its triacylglyceride reserves. Therefore, before physical contact, signaling communication must have occurred between AM fungi and their host plants ( Figure 1 ).
Strigolactone (SL)
So far, all works about fungus-plant communication focus on chemical signals, whether other physical signals, such as electromagnetic field or gravitational field, can have induced effect on a symbiotic microorganism has not been reported. Flavonoids exuded from Medicago truncatula roots can stimulate Glomus etunicatum and Glomus macrocarpum spores germination, mycelial growth and branching (Song and Jia, 2008) , but have been ruled out as branching factor (BF) candidates because root exudates of maize mutants deficient in chalcone synthase show comparable activity to those of the wild type. Then, Akiyama et al. (2005) grew L. japonicus hydroponically under low-Pi conditions, extracted lipophilic compounds released into the hydroponic solution with ethyl acetate, and isolated a BF identified as a strigolactone (SL), 5-deoxy-strigol, using spectroscopic analysis and chemical synthesis. Among the exudates from plant roots, SLs contribute the most in arbuscular mycorrhizal symbiosis (AMS).
SL has long been considered to act on stimulating parasitic seed germination (Scholes and Press, 2008) . But in recent years, with more and more publications report on SL, it began to be seen as a new plant hormone, which plays an important role in plant physiology, including regulate bud branching (Domagalska and Leyser, 2011) , inhibit bud lateral branching, and regulate root development (e.g., modulate root hair elongation, suppressing lateral root elongation) (Koltai, 2011a, b) . In addition, SL and cytokinin (CK) acted antagonistically on bud outgrowth (Dun et al., 2011) . During the interaction between AM fungi and plant roots, via firstly induces expression of genes related to mitochondrial activity to boost respiration and accelerate mitochondrial regeneration, BF stimulates fungal hyphae mitosis and new hyphae growth, both of which increase the contact chance of fungi-plants. In non-AM plants like Arabidopsis thaliana, compare with AM plants species, SLs levels are very low (Westwood, 2000) . SLs leaked from plant roots into the soil hydrolysis rapidly, or recognized by AM fungi in the rhizosphere, which then stimulate hyphae branching and growth and navigate their growth. Until now, no one knows what AM fungal BF receptor is and the mechanism how AM fungi percept BF is still a riddle.
Myc factor
After receive and decode the plant signals, AM fungi release diffusible signal molecules (Myc factors) that considered having chitin skeleton (Bucher et al., 2009) . Two years later, Maillet et al. (2011) found that AM fungi secrete symbiotic signals that were lipochitooligosaccharides (LCOs), and these active factors were detected in mycorrhizal roots with G. intraradices and in germination spores. Bacterial nod genes required for LCO synthesis could have been acquired by lateral transfer from AM fungi about 60 million years ago and subsequently spread to a variety of soil bacteria (Masson-Boivin et al., 2009 ). According to Maillet et al. (2011) , Myc-LCOs are a mixture of sulphated and nonsulphated simple LCOs, containing tetrameric chitinoligosaccharides, N-acylated with a C16 or a C18 fatty acid with no, one or two unsaturations. Myc-LCOs stimulate formation of AM in plant species of diverse families, and stimulate roots of legume M. truncatula growth and branching by the symbiotic DMI signalling 
Myc factor receptors
Legume nod factor receptor gene LjNFR1 and LjNFR5 / MtNFP mutants are not observed with mycorrhizal phenotype defect. Both possess lysine motif receptor-like kinases (LysM-RLKs) domain, NFR1 and NFR5 are only required in RNS, not in AMS (Hayashi et al., 2010) .Then, it is speculated that Myc factor receptors are irrelevant to Nod factor receptors. However, recently, in non-legume plant Parasponia that could form nodules and mycorrhizea, the PaNFP, a nodule factor receptor LjNFR5/MtNFP homologous gene, is found required for mycorrhizal formation (Op den . Therefore, in higher plants like legumes, mycorrhizal factor receptor genes are likely to be homologous genes of NFR1/NFR5.
At present, no Myc factor specific receptor is isolated, the only known is that AMS and root-nodule symbiosis (RNS) share the receptor kinase (SYMRK) (or DMI2) (Stracke et al., 2002; Endre et al., 2002; Yoshida and Parniske, 2005) signaling pathway. After recognition of Myc factor or Nod factor, this receptor kinase is activated. Rhizobium maybe evolved to borrow the signal recognition receptors that are specific to AM fungi.
Belonging to leucine-rich repeat (LRR) plant receptorlike protein kinase, SYMRK (symbiosis receptor kinase, or DMI2) is a protein molecule located in the cell membrane containing three domains, including a extracellular receptor structural domain, a trans-membrane domain and a intracellular protein kinase domain. SYMRK can sense fungal signals that distribute outside of the root epidermal cells and then transmit this signaling to the intracellular kinase domain of L. In Angiosperm, at least three types of SYMRK exist based on the length and structural domain of SYMRK. SYMRK in rice Oryza sativa found to be the shortest, but it is enough to restore L. japonicus mutants (symrk) to mycorrhizal phenotype, while can not let nodule mutants regain their nodulation phenotype. The SYMRK of Papaver rhoeas and Lycopersicon esculentum are between the longest and the shortest, similar to O. sativa can only recover L. japonicus mutants to mycorrhizal phenotype but can"t to nodulation phenotype. Plants with the longest SYMSK belong to legume M. truncatula, actinorhizal plant Datisca glomerata and non-nodular-AM plant Tropaeolum majus, the whole length of this SYMSK (MtDMI2/DgSYMRK/ TmSYMR) can regenerate the mycorrhizal phenotype and nodulation phenotype of L. japonicus mutants .
Myc factor and Nod factor receptors may discriminate their respective ligands by a combination of qualitative (structural) and quantitative differences (Maillet et al., 2011) . Proteins are conformationally dynamic (that is, conformation diversity) and exhibit functional promiscuity, or functional diversity. Although studies on Myc factor receptors have not discontinued, but until now none Myc specific receptor has been isolated, it may due to the fine molecular structural differences between Myc factors and Nod factors. Different factors associate with the same signal receptor can cause different conformation or configuration changes in receptor which then triggers different substrates and switches on different downstream cascades.
Ion channel and calcium oscillations
The signal transduction pathway responsible for AMS after perception of Myc factors has been well characterized, and at the core of this signaling pathway are oscillations in cytosolic calcium (Ca) associated with the nuclear region. The Ca oscillations are concentrated in the perinuclear region, and a nuclear-targeted calcium reporter showed that part of these oscillations occurs in the nucleoplasm (Sieberer et al., 2009) . Reaction diffusion simulations (Capoen et al., 2011) indicate that even under highly favorable parameter settings the mechanism of diffusion is not sufficient to generate oscillations inside the nucleus from a cytosolic oscillation alone, and vice versa, which suggests that spike generation within the nucleoplasm is not possible through transmission of a Ca wave from the cytoplasm alone. Ca is likely to be released across the inner nuclear membrane to allow nuclear Ca changes. Capoen et al. (2011) found that the cation channel DMI1, which is essential for symbiotic Ca oscillations, was preferentially located on the inner nuclear membrane. Furthermore, a sarco/endoplasmic reticulum calcium ATPase (SERCA) essential for symbiotic Ca oscillations is targeted to the inner nuclear membrane, as well as the outer nuclear membrane and endoplasmic reticulum (ER). However, the mechanisms that allow targeted release of Ca in the nuclear region have not been defined. Capoen et al. (2011) held that release of Ca across the inner nuclear membrane allowed targeted release of the ER calcium store. Consistent with above, a member of M. truncatula calcium ATPase (MCA), MCA8, localize to the nuclear envelope and ER, aiding in capturing Ca from the nucleoplasm, which facility efficiently reload the Ca store necessary for Ca oscillations. Both encode Ca-activated potassium ion channel proteins that have a similar structural domain and very similar sequences, Lotus CASTOR and POLLUX (Medicago DMI1) are paralogous genes. These ion channel proteins can form heterodimers in plant cell membrane. They act as counter-ion channels to quickly balance the ion imbalance results from calcium spiking (Peiter et al., 2007) . NUP85 and NUP133 encode nucleoporin 85 and nucleoporin 133 respectively, and these two genes are related to the temperature-regulated property of AMS (Saito et al., 2007; Kanamori et al., 2006) . L. japonicus Sec13 homologous gene, NENA can encode WD40 repeat protein. NENA is also a nucleoporin positioned on nuclear rim. Although nena mutant of L. japonicas can form pink nodules with Mesorhizobium loti, but they do not have nitrogen-fixing function (Groth et al., 2010) . Different plants employ different Ca channels that have different permeability to Ca, which may attribute to the differences in frequency and strength of Ca 2+ spiking. Similar to neurons that through frequency and duration of action potential to transmit stimulus strength, plant cells may be able to make different Ca 2+ spiking signatures by changing the Ca 2+ spiking frequency and duration (Harper and Harmon, 2005) . The Ca 2+ spiking signature is then used to distinguish AM fungi and rhizobium, preparing for intracellular accommodation. Initially, outer cortical cells exhibit low frequency Ca 2+ spiking during the extensive intracellular remodeling which precedes infection. This is a prerequisite for prepenetration apparatus (PPA) formation. A transition from low to high frequency spiking is then observed just prior to and during the initial stages of apoplastic cell entry by AM fungi. This high frequency spiking is of limited duration infection and is completely switched off by the time transcellular infection by AM fungi is completed . Actually, AM fungi-related Ca 2+ spiking frequency is lower than that of induced by Nod factor, and exhibits more irregular Kosuta et al., 2008; Hazledine et al., 2009) . By using computer and other mathematical analyses, Hazledine et al. (2009) discovered that both bacterial-and fungalinduced calcium responses are chaotic in nature. Perhaps, chaotic systems are more flexibility, and require minimal energy to produce a wide spectrum of outputs in response to marginally different inputs. This explains the different calcium oscillations patterns produced by different Myc factors or Nod factors.
CCaMK/DMI3
Calcium and calmodulin-dependent protein kinase (CCaMK) contains serine/threonine kinase domain, CaMbinding domain, and three visinin-like EF-hand motifs, among which CaM-binding domain and EF-hand domains are required for CCaMK-CYCLOPS interaction (Kang et al., 2011) . Nuclear-localized CCaMK decodes Ca 2+ spiking signature, playing a central role in common symbiosis (Sym) signaling pathway of AMS and RNS. CCaMK activated by upstream signaling is sufficient to drive downstream responses. In L. japonicus, CCaMK mutants exhibit root hair curling cannot occur or cannot form infection thread (IT) or nitrogen-fixing nodules (Tirichine et al., 2006) . After calcium oscillations, the released Ca 2+ associates with CCaMK that reacts with the next molecular elements, which may be are transcription factors, and passes down the signaling baton.
Downstream molecules

CYCLOPS/IPD3
interacts with DMI3/CCaMK (Ovchinnikova et al., 2011) , is the substrate phosphorylated by CCaMK. Despite the exact role CYCLOPS plays has not been known, but it contains a functional nuclear localization signal and a carboxyterminal coiled-coil domain, both of which are required in AMS and RNS. Mutation in cyclops of M. truncatula seriously impairs the AM fungal colonization process and form defective arbuscular (Kistner et al., 2005) . While, encoded by M. truncatula gene IPD3 that orthologous to CYCLOPS, IPD3 (Interacting Protein of DMI3) interacts with DMI3 (Messinese et al., 2007) . Because cyclops mutants can not form intact AM or finish rhizobium infection, but still gain Ca 2+ spiking and nodule primordial formation (Yano et al., 2008 ). So we speculate that CYCLOPS/IPD3 may acts as a transcription factor, locates on the branch point of downstream pathway between mycorrhizal and nodule, and aids in transcribing symbiosis-related genes.
Using the sole kinase domain of CCaMK as bait by the Y2H interaction screening approach, Kang et al. (2011) identified a novel protein named CIP73 (for CCaMKinteracting protein of approximately 73 kD) that contains a Scythe_N ubiquitin-like domain and belongs to the large ubiquitin superfamily. Contrary to CCaMK-CYCLOPS interaction, CIP73 can only interact with the kinase domain of CCaMK. The CaM-binding and EFhand domains inhibit the CCaMK-CIP73 interaction in yeast. Most importantly, like CYCLOPS, CIP73 is a phosphorylation substrate of CCaMK in vitro (Kang H et al., 2011) . CIP73 may be a new regulator.
Recently, VAPYRIN (VPY) that acts downstream of the common signaling pathway has been discovered as a new component required for intracellular accommodation of AM fungi in epidermal, as well as cortical cells (Feddermann et al., 2010; Pumplin et al., 2010) . VPY encodes a plant-specific protein consisting of two proteinprotein interaction domains, an N-terminal major sperm protein (MSP) domain and a C-terminal ankyrin (ANK) domain (Zhang et al., 2010) . Especially, ANK repeats typically consist of 33 amino acids, of which 30 to 40% are highly conserved across most taxa (Feddermann and Reinhardt, 2011) , which indicate of potential proteinprotein interaction surface. Intracellular accommodation of AM fungi, and in particular morphogenesis of the AM fungal feeding structures, the arbuscules, is shown to depend on the novel VPY protein. Plants mutated in this gene have abnormal rhizobial infection threads (IT) and fewer nodules, and in the case of interactions with AM fungi, epidermal penetration defects and aborted Song and Kong 875 arbuscule formation (Murray et al., 2011) . Associates with small membranous compartments (Feddermann et al., 2010; Pumplin et al., 2010) , VPY might promote intracellular accommodation of endosymbionts by interacting with membranes and/or with the cytoskeleton. The function of VPY remains to be established.
Invasive stage
With successful signal negotiation, plant partnerships unlock the door to invasion, and AM fungal with molecular "keycard" began the invasion via firstly appressoria formation. Root exudate compounds in stimulating hyphal growth during asymbiotic growth do not allow per se the AM fungus to induce forming appressoria, the birth of which may needs other signals, such as thigmotropic signals. Appressoria in AM fungi are not induced by fake root surfaces such as nylon, polyamide, silk, and cellulose or glass threads, even when additionally stimulated with host root exudates (Giovannetti et al., 1993) . On the other hand, appressorium formation can be triggered by physical contact with isolated cell walls of epidermal root cells without prior hyphal branching, and does not require a signal secreted from neither the host root nor the presence of intact host cytoplasm (Nagahashi and Douds, 1997) . It is may be a kind of cell wall protein, a secret hole on the epidermal cell or the structural feature of the rhizodermis that triggering the appressoria formation. Combined with confocal laser-scanning microscope observation, GFP-labeled cytoskeleton and endoplasmic reticulum protein show that during the hyphopodium formation prior to the first signs of penetration, the underlying epithelial cells of M. truncatula respond with cytoskeleton rearrangements (Genre et al., 2005) . Firstly, the nucleus rapidly migrates to a position just below the hyphopodium, and then it moves away, leaving behind it an aggregation of microtubules, actin microfilaments, and ER cisternae. This aggregation becomes organized into the pre-penetration apparatus (PPA), which projects into the cell lumen and by which fungus is guided finishing the transcellular process (Bucher et al., 2009) . Hyphopodium may emit some unknown local signals that allow the underlying epidermal cell to detect their position with precision. In M. truncatula, appressoria formation relies on common symbiotic genes DMI2 (SYMRK) and DMI3 (CCaMK) (Genre et al., 2005) .
Invasion of exogenous organisms can induces defense responses, defense signaling molecules of plants such as catalase, salicylic acid (SA) and jasmonic acid (JA) show different levels of expression (Ge and Fuqiang, 2011; FuQiang et al., 2011) . But plants open the defense door to mutual microorganisms that with "keycard". In the case of AMS, it may be due to some molecules omitted by AM fungi. G. intraradices secretes a protein SP7 that interacts with the pathogenesis-related transcription factor ERF19 in the plant nucleus. ERF19 is highly induced in roots by the fungal pathogen Colletotrichum trifolii as well as by several fungal extracts, but only transiently during mycorrhiza colonization. When constitutively expressed in roots, SP7 leads to higher mycorrhization while reducing the levels of C. trifoliimediated defense responses (Kloppholz et al., 2011) . AM fungi may secret effectors counteracting the plant immune system. 
Arbuscular or hyphal coils formation
The establishment of the arbuscule is accompanied with cytoskeleton rearrangement and dramatic cellular changes in organization of cytoplasm and organelles, including endoplasmic reticulum (ER), Golgi apparatus, and mitochondria clustered around the arbuscules, as well as vacuole fragmentation, the nuclei migrate from the periphery to the center, and plastid modification (Fester et al., 2001) . While, the formation of the interface may need 1 to 2 days after the invasion, involving a nuclear re-positioning and necessities the cytoplasm protein changes that some transporters expressed to facility the transfer of nutrients (Karandashov and Bucher, 2005) . However, the arbuscules remain surrounded by a plant membrane, the peri-arbuscular membrane (PAM). The arbuscule (Figure 2 . is of G. margarita, Figures 3 and  4 are of G. mosseae, all figs are come from Version 2 © Mark Brundrett 2008, refer to http://mycorrhizas.info/info.html for more information) consists of highly ramified hyphae with very fine terminal tips, resulting in a surface to volume ratio that is greater than that of normal hyphae (Reinhardt, 2007) . This structure similar to intestinal epithelial has very large exchange area and makes it particularly efficient for nutrients transfer. Arbuscule, a temporary structure, collapses and degradation occurs 2 to 4 days after it complete its development (Genre et al., 2005 (Genre et al., , 2009 .
Cellular reorganization occurs preceding the arbuscular development (Genre et al., 2005 (Genre et al., , 2009 . Like PPA development, but more complex than PPA, because it involves the two partners in the cortical cells a highly coordinated cellular process, such as nutrients transfer. ENOD11 expression is also induced independent of its expression in epithelial cells (Smith et al., 2006) . Mutation in CCaMK and SYMRK can block the invasion of the epidermis by AM fungi (Genre et al., 2005; Genre et al., 2009) . When SYMRK expression levels are significantly lower, some hyphae can still reach the cortex and formation arbuscules (Gherbi et al., 2008) . This means SYMRK is not a must for PAM formation. Furthermore, transcription of some transporter genes influences the arbuscular development.
Recently, Zhang et al. (2010) reported a new M. truncatula mutant, str (mycorrhiza-specific inducted phosphate transporter gene, stunted arbuscule, STR), in which arbuscular development is impaired and AM symbiosis fails, but shows a wild-type nodulation phenotype. STR is identified by positional cloning and encodes a half-size ATP binding cassette (ABC) transporter of a subfamily (ABCG). STR heterodimerizes with STR2 and the resulting transporter is located in the PAM. STR and STR2 are induced co-expressed constitutively in cortical cells containing arbuscules. Different with P transport proteins (MtPT4/OsPT 11) in rice and M. truncatula that specific induced by AM fungi, they are likely required for transferring nutrients or signals to the arbuscular matrix.
Lysophosphatidylcholine (LPC), a phospholipid metabolism, as a new signaling molecule plays an important role in signaling transduction of AM associations. A signal isolated from AM roots of Plantago lanceolata can induce the transcription of mycorrhiza-specific phosphate transporter gene (StPT3/StPT4) in potato roots (Drissner et al., 2007) . Whether this phospholipid-contained messenger, whose active component later identified by mass spectrometry as LPC, can also induce the expression of other dicotyledons phosphate transporter gene is still unknown. Phosphate transport proteins that are specifically induced in mycorrhizea include MtPT4 in M. truncatula, OsPTl1 in rice, LePT4 in tomato, StPT3 in potato, Solanum tuberosum, and etc (Paszkowski et al., 2002) . These transporters positioned on the PAM can translocate phosphate to plant cells. In addition, H + -ATPase used for creating proton gradient and required for MtPT4 who only located in PAM, is induced in AM roots and locates on the PPA. Valot et al. (2006) identified a membrane protein (H + -ATPase, MtHA1) that only exists in mycorrhizal roots and a blue copper-binding protein (MtBcp1) post-transcription-modified with glycosylphosphatidylinositol (GPI). Moreover, Pumplin and Harrison (2009) found that the PAM was composed of at least two distinct domains, an "arbuscule branch domain" that contained the symbiosis-specific phosphate transporter, MtPT4, and an "arbuscule trunk domain" that contained MtBcp1. mtpt4 mutants of M. truncatula can not form functional phosphate transporters results premature death of the arbuscules (Javot et al., 2007) ; the fungus is unable to proliferate within the root, and symbiosis is terminated. Thus, P transport is not only a benefit for the plant but is also a requirement for the AMS and the the expression of P transporter characterizes Song and Kong 877 the normal development of functional arbuscular structure.
The stability mechanisms of AM symbiotic system
AMS is a very ancient symbiont, evolutionarily older than RNS (Sprent, 2007) . AM fungi have very little specificity for plants, vice versa; plants can be colonized by AM fungi from different taxa. However, plant species can have preferences for individual AM fungi, resulting in different densities of colonization, and in some cases colonization can be very low (Smith et al., 2009) .
The outcome (from positive to negative) for plant growth in different association varies . Colonization by different AM fungi does not result in the same growth responses in a single AM plant species (Klironomos, 2003; Munkvold et al., 2004; Smith et al., 2004) , and colonization by the same AM fungus does not necessarily result in the same growth responses in different plant species (or even varieties). This suggests that not all AM symbiosis always have promoting effect on hosts. The outcomes of the symbioses are determined by interactions between plants and AM fungal genomes as well as environmental conditions, but the control mechanisms are still under the dark.
Cleverly designed the triple-plate experiments by parting the plate into three compartments, Kiers et al. (2011) employed in vitro root organ culture approaches, grew Medicago hosts with one, two (G. intraradices versus Glomeromycetes aggregatum), or all three AM fungal species, to investigated C allocation patterns by measuring 13 C incorporation into RNAs (Because RNA better reflects immediate C allocation patterns relative to DNA), and on the other hand, studied the P [measured as polyphosphate (PolyP) using 33 P] availability on C allocation patterns. Plants reward the best fungal partners with more carbohydrates, and in turn, their fungal partners enforce cooperation by increasing nutrient transfer only to those roots providing more carbohydrates. Plants may detect, discriminate fungi at fine scale, even when multiple fungi colonize a root, and then through nutrient allocation to maintain a subtle, twoway-resources-transfer symbiotic relationship. Thereby, Selosse and Rousset (2011) saw plant-fungal symbiosis as marketplace from market economics perspective, and considered market mechanism stabilizing this ancient symbiotic relationship.
This tradeoff pattern of resource partitioning in maintaining the symbiosis has become the mainstream model (Bever et al., 2010) . Symbiotic N-fixation, for example, is very demanding of P due to the high ATP requirement per mole N fixed (Vance et al., 2003) . On the other hand, investment in mycorrhizal fungi, which often facilitates P uptake, can be very demanding of N as mycorrhizal fungi have a C:N ratio that is 10:1 compared to a much higher ratio in plants (Johnson, 2010) . So associate with AM fungi, plants must invest more N in order to trade more P. Bidirectional unequal allocation of resources regulates rhizosphere microbial ecology that involves all kinds of relationships, such as plants-microorganisms, microorganisms-microorganisms (including pathogens), and plants-plants, maintaining a variety of coexistences.
Mutualisms, beneficial interactions between species, are expected to be unstable because delivery of benefit likely involves fitness costs and selection should favour partners that deliver less benefit. Preferential dynamics allocation of resources, which depends on time-spatial structure of microbial community, stabilizes the symbiotic system. Symbiotic mutualisms can be stabilized by vertical transmission, yet root symbionts of AM are stabilized via transmitted horizontally (Vogelsang et al., 2006) . Spatial structure plays a crucial role in keeping reciprocity of mycorrhizea, and the spatial structure of soil can be shaped by many factors (including stochastic and host specificity), and destroy of the this spatial structure, such as tilling in agriculture, will facilitate less beneficial or even pathogenic counterparts (Bever et al., 2009 ). Tchabi et al. (2008) and Oehl et al. (2010) successively reported farming intensity affect the diversity and microbial community"s structure of AM fungi.
Outlook
With symbiosis-related genes and proteins between AM fungi and plants are announced one by one, the veil of symbiotic molecular mechanisms and such a long persistence of symbiotic stability will gradually be uncovered. Although huge progress has been made, many novels emerged and lots of unsolved problems on molecular signaling in regulating AM fungi and plant symbiosis remain to be explained. The mechanisms AM fungi discriminate different SLs are unknown; receptors plants use to differentiate between AM fungi and rhizobium need further evaluation, whether AM plants have specific Myc factor receptors or plant receptors themselves possess functional promiscuity are under unraveled; how substrates phosphorylated by CCaMK regulate and control the nuclear pore protein complex to regulate calcium ion flow, forming calcium oscillations in the perinuclear region, is unknown; by which way CCaMK distinguishes different Ca 2+ spiking patterns, and activates downstream transcription factors, triggering different gene expression patterns, is still a puzzle; the development of arbuscules is different from that of nodules, what genes and transcription factors involve in the arbuscular form process? Furthermore, root is not the only participant in AMS, the whole body or directly or indirectly is involved in this great event, what roles other plant organs play by far needs exploration. Uncover of these underlie mechanisms will help us fully understand and utilize this ancient endosymbiotic relationships to arbuscular mycorrhizal symbiosis.
